ABSTRACT. Nicotine increases serotonin release in the brain. Gene polymorphisms in the serotonergic system have been suggested to be associated with smoking behavior. We investigated a possible association between two polymorphisms in the serotonergic system -HTTLPR of a serotonin transporter gene and 5-HT 2A at position T102C -with biochemical and anthropometric parameters, and with cigarette smoking in an investigation of 200 smokers and 111 non-smokers. The two polymorphisms, HTTLPR and 5-HT 2A at position T102C, were genotyped by PCR-RFLP. They were not significantly associated with smoking status in these Thai males. Among the smokers, thiocyanate concentrations and quantity of cigarettes smoked (cigarette pack-years) were significantly higher for individuals with LL/LS genotypes than SS HTTLPR and 5-HT 2A T102C polymorphisms and smoking genotypes of 5-HTTLPR (all P < 0.05), whereas "age at starting smoking" and "duration of smoking" were not significantly different between these two genotypes. Moreover, anthropometric variables, comprising triceps skinfold thickness, arm circumference, waist circumference, hip circumference, and waist-to-hip ratio, were significantly higher for the CC/TC genotypes of 5-HT 2A than the TT genotype (all P < 0.05), except for body mass index. HTTLPR and 5-HT 2A T102C polymorphisms were not significantly associated with smoking status among Thai males; however, the HTTLPR polymorphism among smokers appears to be an indicator of increased smoking intensity consisting of cigarette packyears and thiocyanate concentrations. The 5-HT 2A T102C polymorphism plays a role in the anthropometric profiles, triceps skinfold thickness, arm circumference, waist circumference, hip circumference, and waist-to-hip ratio, but not smoking status in Thai subjects.
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INTRODUCTION
Nicotine is a primary component of cigarettes and the addictive component of tobacco (Zeidler et al., 2007) . Although environmental factors may contribute to smoking, scientific evidence also supports a role for genetic influences on smoking behavior and the ability to quit smoking (Batra et al., 2003; Li et al., 2003) . Nicotine elevates the secretion of serotonin in the brain (Mihailescu et al., 1998; Tyndale, 2003) . Therefore, variations in the serotonergic system, including serotonin-producing cells, serotonin transporter, and serotonin receptors, may influence some aspects of smoking behavior (Tyndale, 2003) . Moreover, nicotine withdrawal decreases serotonin levels and a selective serotonin reuptake inhibitor antagonizes the response to nicotine (Ishikawa et al., 1999) . The serotonin transporter, 5-HTT, has attracted the attention of researchers, because it controls the duration and concentration of serotonin neurotransmission in the synaptic cleft. A polymorphism in the promoter region of the serotonin transporter gene, HTTLPR, is related to altered transcriptional efficacy . However, previous investigations of the association between this polymorphism and smoking behavior have yielded contradictory results (Lerman et al., 1998; Ishikawa et al., 1999; Chu et al., 2009) . Therefore, in this study, we looked for an association between the HTTLPR polymorphism and smoking behavior among Thai males.
The serotonin 2A receptor gene (5-HT 2A ), located on chromosome 13q14-21, has been shown to be particularly responsive to environmental conditions (Keltikangas-Jarvinen and Salo, 2009). The 5-HT 2A gene has also been linked to emotional disorders and alcohol dependence; these two disorders are related to smoking behavior (Abdolmaleky et al., 2004; Kato et al., 2009; Polina et al., 2009) . The T102C polymorphism (rs6313) is located in exon 1, near the gene's promoter (Chen et al., 1992) ; it does not change the amino acid sequence of the 5-HT 2A receptor and, thus, may play a role in gene regulation. Postmortem brain studies have found that the C allele of T102C is associated with lower 5-HT 2A mRNA and lower protein expression compared to the T allele (Polesskaya and Sokolov, 2002) . Previous studies have reported an association between the T102C polymorphism in the 5-HT 2A gene and smoking status (do PradoLima et al., 2004; White et al., 2011) , but not all studies have consistently produced the same findings (Terayama et al., 2004; Huang et al., 2005) . Therefore, genetic variations in 5-HT 2A among smokers require clarification. The aims of the present study were to investigate the association between two polymorphisms in the serotonergic system -HTTLPR of the serotonin transporter gene and 5-HT 2A at position 102 -and biochemical and anthropometric parameters, and to determine whether these polymorphisms are linked to cigarette smoking.
MATERIAL AND METHODS

Subjects
Following approval by the Ethics Committee of Rangsit University, a convenience sample of 311 Thai volunteers (aged 21 to 62 years) were recruited from urban and suburban residential areas of Bangkok, Thailand. The sample excluded subjects taking regular medication, those with psychiatric or neurological diseases, including substance dependence, or a history of diabetes mellitus or liver, kidney or cardiovascular disease or allergy, confirmed by appropriate physical examination and laboratory tests. No subject was taking psychoactive medications or anti-inflammatory drugs. Of these subjects, 200 were smokers, while the remaining 111 were non-smokers. The volunteers were interviewed about lifestyle pattern and medical history. Smoking characteristics -age at onset of smoking, number of cigarettes smoked, and duration of smoking (in years) -were recorded in detail. Cigarette pack-years were computed as duration of smoking (years) multiplied by the number of smoked cigarettes, divided by 20.
Anthropometric measurements
Anthropometric measurements, comprising weight, height, triceps skinfold thickness, arm circumference, waist circumference (WC), and hip circumference, were determined for each subject. The waist-to-hip ratio (W/H ratio) was calculated using the circumferences of the waist and hip. Body mass index (BMI) was determined and expressed as weight (kg)/height (m 2 ).
Biochemical measurements
Venous blood (10 mL) was taken from the subjects in the morning, after overnight fasting. Glucose, total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were measured using enzymatic methods by DADE Dimension ® AR. Serum thiocyanate concentrations were assessed using the colorimetric method (Degiampietro et al., 1987) . Low-density lipoprotein cholesterol (LDL-C) was estimated by the Friedewald formula, as follows:
Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique
of the serotonin transporter gene and 5-HT 2A T102C, were amplified by PCR (PE Applied Biosystems).
HTTLPR was typed by PCR, as follows: forward primer -5'-GGCGTTGCCGCTCTG AATTGC-3' and reverse primer -5'-GAGGGACTGAGCTGGACAACAAC-3'; PCR was performed in 50 mL according to the protocol previously described . However, HTTLPR is known to be extremely difficult to genotype. Yonan et al. (2006) showed that magnesium concentration affects PCR amplification and the long allele of HTTLPR amplifies poorly at higher Mg concentrations. Therefore, in our study, the Mg concentration was reduced to 1.0 mM. The L allele of HTTLPR was denoted by the presence of a 528-bp fragment and the S allele by the presence of a 484-bp fragment.
For analysis of the T102C polymorphism of the 5-HT 2A receptor gene, forward primer -5'-TCTGCTACAAGTTCTGGCTT-3' and reverse primer -5'-CTGCAGCTTTTTCTCTAG GG-3', were used; PCR was conducted in 50 mL according to the protocol described by Coto et al. (2003) . Each reaction product was digested with the restriction enzyme MspI, and electrophoresed on a 3% (w/v) agarose gel. Alleles were visualized as fragments of 342 bp (102T) and 216 and 126 bp (102C).
Statistical analysis
Statistical analysis was performed using SPSS for Windows version 11.5 (SPSS, Chicago, IL, USA). Median and 95% confidence interval (95%CI) were calculated. The difference between the two groups was compared by the Mann-Whitney U-Wilcoxon rank sum W-test. Statistical differences in genotype distributions between the two groups were assessed by the chi-square test. P < 0.05 was considered to be statistically significant.
RESULTS
The median and 95%CI of the age and anthropometric-biochemical measurements for the smokers and non-smokers are shown in Table 1 . The anthropometric and biochemical variables, and the ages of the smokers were not significantly different from the non-smokers. Table 2 shows the median and 95%CI for age and anthropometric measurements for all subjects, by genotype. With regard to the T102C polymorphism of 5-HT 2A , there was no difference in age. Anthropometric variables were significantly higher in the CC/TC genotypes than the TT genotype, except for BMI. Subjects with the CC/TC genotypes tended to have higher BMI than those with the TT genotype. For the 5-HTTLPR polymorphism, no differences were found for age or anthropometric parameters between LL/LS and SS genotypes. Table 3 shows median and 95%CI of the biochemical measurements for the 5-HT 2A T102C and 5-HTTLPR genotypes. No significant differences were found in biochemical levels between the two genotypes related to these two polymorphisms. The frequency of the 5-HT 2A polymorphism at position 102 for all subjects is shown in Table 4 . The distribution of 5-HT 2A T102C genotypes was in line with the Hardy-Weinberg principle (P = 0.425). Polymorphism at this position showed no significant relationship with smoking status (P = 0.340). Table 5 shows the frequency of 5-HTTLPR genotypes among the smokers and non-smokers. The 5-HTTLPR genotypes were in Hardy-Weinberg equilibrium (P = 0.642). The 5-HTTLPR genotypes were not significantly different between smokers and non-smokers (P = 0.412). The results after analyzing the as-sociation between smoking characteristics and the two polymorphisms among the smokers are summarized in Table 6 . Smoking characteristics were not significantly associated with the 5-HT 2A T102C polymorphism. For the 5-HTTLPR polymorphism, thiocyanate concentrations and quantity of cigarettes smoked (cigarette pack-years) were significantly higher for the LL/ LS than the SS genotype, whereas "age at starting smoking" and "duration of smoking" were not significantly different between these two genotypes (Table 6 ). 
DISCUSSION
Nicotine raises serotonin release in the brain, and the symptoms of nicotine withdrawal may be modulated by diminished serotonergic neurotransmission (Ishikawa et al., 1999) . The 5-HTT gene has attracted the attention of researchers because it controls the duration and level of serotonin neurotransmission in the synaptic cleft. A polymorphism in the promoter region of the serotonin transporter gene, 5-HTTLPR, showed functionally important 44-bp insertion/deletion alleles: long (L) and short (S) (Murphy et al., 2004) . The S allele (consisting of 14 repeat elements) is related to reduced 5-HTT transcription, compared to the L allele (16 repeat elements), resulting in diminished transporter levels and decreased serotonin reuptake efficiency (Lesch et al., 1996; Greenberg et al., 1999) . However, previous studies on the association between the 5-HTTLPR polymorphism and smoking behavior have yielded contradictory results. The studies by Ishikawa et al. (1999) and Chu et al. (2009) showed that the L allele was significantly more prevalent among smokers than non-smokers, while smokers who were homozygous for the S allele were more successful in quitting smoking. Other studies reported that smokers who were heterozygous or homozygous for the S allele were more likely to be dependent on nicotine than subjects who were homozygous for the L allele (Lerman et al., 2000; Gerra et al., 2005) . Munafo et al. (2006) predicted that the short carriers (S allele) of the 5-HTTLPR polymorphism would be associated with a decreased likelihood of successful cessation of smoking. The current study's findings among Thais agree with two studies of Caucasians and African-Americans (Lerman et al., 1998; Iordanidou et al., 2010) , which found no association between the 5-HTTLPR polymorphism and smoking. Interestingly, a large genome-wide association study, aiming to identify genes related to smoking behavior, did not detect any association between the 5-HTT gene and starting to smoke or currently smoking (Vink et al., 2009) . However, the current study found a significant association between the 5-HTTLPR polymorphism and greater smoking intensity, and that thiocyanate levels were significantly higher among smokers with the L allele than the SS genotype. These findings were similar to a study of male Chinese smokers (Chu et al., 2009) . Tobacco smoke contains high concentrations of hydrogen cyanide gas, which is primarily metabolized to thiocyanate, and serum thiocyanate was potentially a better biochemical index of smoking status (Degiampietro et al., 1987) . The L allele of 5-HTTLPR likely expresses a higher number of 5-HTT sites on the serotonergic synapses (Heils et al., 1997) , and this could result in higher serotonin reuptake activity, which could lead to decreased serotonin availability in the synaptic cleft. Therefore, individuals with the L allele may be vulnerable to a higher intensity of cigarette smoking. Possible reasons for the contradiction between the various studies may include differences in ethnic background, cultural background, and subject recruitment methods.
Nicotine exerts direct and indirect effects on a range of receptor systems, including the serotonergic system. 5-HT 2A receptor antagonism could facilitate the cessation of tobacco smoking by relieving nicotine-withdrawal symptoms (Zaniewska et al., 2010) . Some studies have indicated that the T allele of the 5-HT 2A T102C polymorphism (and, by analogy, the A allele at -1438 in the regulatory region of 5-HT 2A ) is linked to higher 5-HT 2A receptor binding, but lower receptor binding related to the C allele, based on postmortem brain samples (Turecki et al., 1999) . The T102C polymorphism in 5-HT 2A has been associated with several psychiatric disorders, including schizophrenia, alcoholism, and smoking addiction (Hwu and Chen, 2000; do Prado-Lima et al., 2004; Ebdrup et al., 2011) , while anti-psychotic agents act as antagonists at the 5-HT 2A receptor (Ebdrup et al., 2011) . Previous data on the relationship between the 5-HT 2A T102C polymorphism and smoking behavior are inconsistent. Some studies have suggested that the 5-HT 2A polymorphism is linked to cigarette smoking (do Prado-Lima et al., 2004; White et al., 2011) , while others have failed to replicate this finding (Terayama et al., 2004; Huang et al., 2005) . White et al. (2011) reported that young Caucasian adults with the TT genotype have a greater likelihood of being a current smoker compared to the CC genotype, whereas a Brazilian study found that the CC genotype was associated with current cigarette smoking status (do Prado-Lima et al., 2004) . Our findings were consistent with studies of UK adolescents and the Japanese population, in which the T102C genotype was not found to be associated with smoking status (Terayama et al., 2004; Huang et al., 2005) . Erritzoe et al. (2009) also supported the contention that cerebral cortex 5-HT 2A binding did not significantly correlate with tobacco use. Therefore, our data suggest that the 5-HT 2A gene polymorphism at position T102C may not be associated with risk of developing smoking behavior.
The serotonergic system is involved in the regulation of feeding behaviors and satiety control in the central nervous system (CNS). 5-HT 2A receptors are found in CNS areas involved in energy balance (Barnes and Sharp, 1999) . The function of 5-HT 2A in regulating food intake has been shown in animal models, where specific 5-HT 2A agonists decrease neuropeptide Ystimulated food intake (Currie and Coscina, 1998) . Polesskaya and Sokolov (2002) showed that the C allele of the 5-HT 2A T102C polymorphism was related to lower 5-HT 2A mRNA levels. 5-HT 2A gene polymorphisms at position 102 influence an individual's body weight (Lane et al., 2006) . Rosmond et al. (2002) found that the A(-1438)G polymorphism of the 5-HT 2A gene can increase body mass and abdominal distribution of body fat. Interestingly, our results also verified an association between the 5-HT 2A T102C polymorphism and anthropometric alterations in a Thai sample. The C allele was associated with higher abdominal obesity measured as WC and W/H ratio. Therefore, our results suggest that the 5-HT 2A T102C polymorphism may influence metabolic abnormalities involved in serotonergic system function.
In conclusion, this is the first study to investigate any association between smoking and HTTLPR of the serotonin transporter gene and 5-HT 2A T102C among Thai subjects. The HTTLPR and 5-HT 2A T102C polymorphisms were not found to be associated with smoking status among Thai males. However, HTTLPR among smokers was significantly related to greater smoking intensity. 5-HT 2A T102C was also significantly associated with changes in anthropometric variables. Further studies should fully evaluate the other polymorphic serotonergic genes involved in serotonin transmission, and their relation to smoking behaviors. A genetic tendency to smoke tobacco is probably influenced by many genes, each contributing a small part to the overall risk of smoking.
